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a b s t r a c t
Abnormal blink reﬂex (BR) is a result of reticular brainstem pathways dysfunction and seems
to be one of the features of brain degenerative disorders.
The aim of the study was to estimate the diagnostic value of blink reﬂex in neurodegen-
erative diseases such as: multisystem atrophy (MSA), progressive supranuclear palsy (PSP)
and Parkinson disease (PD).
Material consisted of 99 patients with clinically probable MSA (51), PSP (28) and PD (20). MSA
patients were divided into two subgroups, with dominant cerebellar (MSA-C) and parkinso-
nian signs (MSA-P). The mean age of patients was 64.9 years (47–79 years); males – 55.3%.
Blink reﬂex was obtained in a typical way.
Results: The signiﬁcant differences in mean values of blink reﬂex latencies between PD and
other subgroups (MSA-P, MSA-C, PSP) were found, but all of them were in normal range. In
individual patients with PD and PSP (50% and 18%, respectively) delayed R2 latencies were
recorded.
Conclusions: The most frequently abnormal blink reﬂexes, comparing the MSA, PSP and PD
groups, were present in PD patients. We postulate that this may be explained by pathological
inﬂuence of nigrostriatal pathway on the circuit linking the basal ganglia, cerebellum and
brainstem.
# 2016 Polish Neurological Society. Published by Elsevier Sp. z o.o. All rights reserved.
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Multisystem atrophy (MSA) and Parkinson's disease (PD)
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characterized by different clinical symptoms due to autonom-
ic, parkinsonian, pyramidal and cerebellar signs. Based on
predominant clinical symptoms (e.g. cerebellar or parkinso-
nian), MSA is subdivided into a parkinsonian (MSA-P) and a
cerebellar (MSA-C) type [2–5]. Cellular pathology in MSA was
revealed mainly in upper motor neurons, in basal ganglia and
sporadically in lower motor neurons [6–8].
Progressive supranuclear palsy (PSP) is characterized by
progressive degeneration of basal ganglia, brainstem, cortex,
facial and trigeminal nuclei, which has been documented in
neuropathological examinations, as well as in magnetic
resonance imaging and positron emission tomography studies
[9–15].
The level and intensity of cortex, cerebellar and/or
brainstem dysfunctions in MSA, PSP and in PD could be
estimated using neuroimaging methods and electrophysio-
logical test as blink reﬂex (BR).
The main external control of blink reﬂex consists of a
dopaminergic system and olivo-cerebellar circuit.
Unconditioned stimulus pathway of the eye-blink includes
inferior olive and climbing ﬁbers of the cerebellar nuclei and
cortex, while conditioned stimulus consists of pontine sensory
nuclei, cerebellar interpositius nucleus, superior cerebellar
peduncle and magnocellular red nucleus [16–18].
Basal ganglia could modulate the brainstem reﬂex blink
circuits via descending cortical projections or alternatively,
with input to the superior colliculus via tecto reticular
projections [19,20].
The spinal trigeminal nucleus consists of three subnuclei
and ascending/descending pathways probably exist between
these subnuclei. Han et al. showed that excitatory and
inhibitory synaptic responses are mediated by AMPA (a-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid), NMDAFig. 1 – Pathways of blink reflex [39]. R1-R1 (early) respons(N-methyl-D-aspartate) and by GABA (gamma-aminobutyric
acid) (receptors with a differential contribution to the synaptic
responses between subnuclei) [21].
Neurotransmission disturbed in MSA, PSP and PD and
neural pathways underlying brainstem and spinal reﬂexes
may inﬂuence blink reﬂex in different way.
The reduced blinking in Parkinson's disease and excessive
blinking after overstimulation by dopaminergic agents associ-
ated with dyskinesia suggests involvement of efferents of
nigrostriatal system to superior colliculus and brainstem [22].
Other structures involved in delayed components of blink reﬂex
may be brainstem, cerebellum and olivo-cerebellar circuit. As
shown previously, the brainstem is involved in many extremely
complicated (e.g. vocal control or auditory startle reaction) [23–
25]. In PSP the voluntary blinking is bradykinetic with an
increased duration of opening phase without abnormalities
reversed by correction of dopaminergic deﬁcit [26].
The lesions of supratentorial could reveal prolonged,
contralateral R2 latencies as a result of inhibitory inputs of
pyramidal tracts to the contralateral reticular formation
(afferent branch abnormality) [27].
Blink reﬂex is a polysynaptic reﬂex between the trigeminal
and the facial system [28–31].
The afferent arc of BR consists of trigeminal nerve sensory
ﬁbers. The efferent arc of BR conveys the impulses through the
motor ﬁbers of the facial nerves. Blink reﬂex involves an early
R1 response which terminates in midpoints. The two late
bilateral R2 responses mediated by the spinal nucleus and
trigeminal nerve tracts reﬂect the connection of trigeminal
and facial systems in the lower medullary region by
polysynaptic bilateral medullary pathways. They are termi-
nated in the facial nuclei [32–37] (Fig. 1).
Likewise in Bentivollo's study, no differences in BR values
between age and sex were observed [38].e of blink reflex. R2-R2 (late) response of blink reflex.
Fig. 2 – Stimulation and recordings of blink reflex.
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parameters and to estimate the diagnostic value of blink reﬂex
in MSA, PSP and PD patients.
2. Material and methods
A group of 99 patients with clinically probable MSA (51), PSP
(28) and PD (20). The mean age was 64.9 years (males – 55.3%).
All patients with MSA fulﬁlled the diagnostic EMSA-SG
(European Multiple System Atrophy Study Group) criteria for
probable MSA according to the second consensus statement
[3]. According to their clinical prominent symptoms, patients
were divided into two subgroups – with predominant
cerebellar (MSA-C) and with predominant parkinsonian signs
(MSA-P). MSA-C was diagnosed in 24 cases (mean age 60.5
 8.5) and MSA-P in 27 patients (mean age 60.9  8.1). The
mean patients age of the disease onset for whole MSA group
was 57.1 years. The mean duration of the disease was 3.5 years.
28 patients with PSP were clinically diagnosed according to
National Institute for Neurological Disorders and Stroke/
Society for Progressive Supranuclear Palsy criteria and 20
cases with PD were diagnosed according to UK Parkinson's
Disease Society Brain Bank Clinical Diagnostic Criteria
[9,39,40]. The mean age of patients with PSP was 67.8  6.5
years (males – 66.6%). The mean age of the PD group was 69.2
 8.1 years (males – 60%).
The mean age of patient's with PSP and PD at the disease
onset was 62.5 and 59.0 years respectively. The mean duration
of the disease in PSP group was 3.5 years and 3.0 years in PD.
None of the patients had the clinical symptoms of
neuropathy. The patients with diabetes mellitus, vitamin
B12 and folic acid deﬁciency or renal failure were excluded.
All patients gave written permission to participate in the
study which was approved by ethics committee.
Blink reﬂex was recorded simultaneously from the right
and left orbicularis oculi muscles by the stimulation on each
supraorbital nerve with surface electrodes using stimuli with
duration of 0.1 ms and intensity of 20 mA. The single electrical
stimulus was repeated 8 times with 10–20 s intervals.
Responses of the orbicularis oculi muscles were recorded by
surface electrodes placed below the lower lid localized on the
outer edge of the orbiculi. The reference electrode was placed
on the area of the chin (Fig. 2).
Recordings of R2 latencies were analyzed automatically
with a Keypoint instrument. The R1 latency was abnormal in
range of 10.5  1.6 ms. Abnormal R2 latencies were considered
if R2 response was absent or if ipsilateral and contralateral R2
latencies were above 2SD of normal values (30.5  6.8 ms and
30.5  8.8 ms, respectively). Interside differences for R2 laten-
cies obtained by Shahani, more than 5 ms, were considered as
abnormal [31,32,35].
Conduction velocity in both facial nerves, before blink
reﬂex examination, in every patient with MSA, PSP and PD was
performed.
The values of blink reﬂex registered in healthy volunteers
were similar to those reported previously [41,42].
Statistical analysis was performed using Statistica 9.0
software (StatSolf, Tulsa, USA). Statistical signiﬁcance was
deﬁned by attaining a p value <0.05.3. ResultsConduction velocity parameters in peripheral VII nerves were
normal in all the examined patients.
There was signiﬁcant difference in patient age ( p < 0.01)
between PSP and MSA groups and between PD and MSA groups
but there was no difference in duration of the disease between
the groups.
The mean values of R1 and R2 blink reﬂex latencies in MSA-
C, MSA-P, PSP and PD groups were in normal range (Table 1).
Prolonged R2 latencies of blink reﬂex were registered in 19
out of 99 individuals (19.2%) with MSA, PSP or PD.
The most frequently delayed R2 latencies were observed in:
PD (in 10 patients; 50%), PSP (in 5; 18%), MSA-C (in 4; 16.6%) and
MSA-P (only in 1; 3.7%) of examined cases (Fig. 3).
Concerning the individual cases the longest latencies of R1
as well as R2 responses were registered in the PD group.
The statistical differences were recorded mainly between
PD and the rest of the examined groups and considered as
prolonged ipsilateral and contralateral R2 latencies of blink
reﬂex during both side ( p < 0.0001). Additionally, ipsilateral R2
latency was statistically longer in MSA-C comparing to MSA-P
( p < 0.001) and between PSP and MSA-P groups. There were
noted longer ipsi and contralateral R2 latencies in patients
with PSP ( p < 0.0006). The most noticeable difference was
recorded between PD and MSA-P group ( p < 0.0001).
The signiﬁcant difference in the values of ipsilateral and
contralateral R2 latencies of blink reﬂex during both side
stimulation between PD and other groups of patients (MSA-C,
MSA-P, PSP) were found ( p < 0.0001). No signiﬁcant differences
between the values of R1 latency in PD, MSA-C, MSA-P and PSP
groups were observed.
The disease onset, duration of the disease, and gender did
not show any inﬂuence on the result of blink reﬂex in PSP,
MSA-C, MSA-P and PD groups ( p > 0.05).








10.5  1.6 ms (2 SD)
R2 latencies




(30.5  6.8 ms)
R2 contralateral
Normal value
(30.5  8.8 ms)
R2 latencies
Left side stimulation (ms)
R2 ipsilateral
Mean (SD) normal values
(30.5  6.8 ms)
R2 contralateral Normal value
(30.5  8.8 ms)
MSA-C 9.8  1.3 33.4  4.5 32.5  3.1
9.2  2.1 33.9  2.6 34.6  5.1
MSA-P 9.4  0.7 28.6  2.9 29.4  2.9
9.4  0.9 30.3  3.0 30.8  3.4
PSP 9.7  1.2 32.8  5.8 32.4  4.5
9.5  1.2 34.1  5.1 33.8  5.3
PD 9.7  2.1 35.8  3.8 36.6  4.6
9.8  1.3 36.8  4.8 38.1  3.1
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Radiological tests as well as physical exams could be
insufﬁcient method in the diagnosis of brainstem pathology.
Neurophysiological examinations, such as a blink reﬂex test
persists useful and repeatable tool in estimation of brainstem
function. Blink reﬂex as a polysynaptic arc between the
trigeminal and the facial system, estimates brainstem path-
ways by itself and indicates the inﬂuence of nervous system on
reticular formation in brainstem. Prolonged latencies of R2
responses registered in 19.2% of screened patients may
suggest central and brainstem pathways damage. The most
frequently abnormal R2 latencies were noted in individuals
with PD, however the mean values of R2 latencies were normal
in four examined groups.
In literature there was a very limited number of blink reﬂex
studies involving patients with MSA, PSP and PD. In some of
them, distinctive abnormality, as well as normal blink reﬂexFig. 3 – Blink reflex in patient with Parkinson disease. R1-R1
(early) response of blink reflex. R2-R2 (late) response of
blink reflex.latencies were registered [16,26,31,43–47]. Gironell et al.
revealed abnormalities in different brainstem electrophysio-
logical tests in PSP and suggested that degeneration of the
pontine reticular formation mainly nucleus reticularis pontis
caudatis is present in PSP [48].
Only a few neuropathological studies consider cell
depletion and gliosis in anterior horn cells area, as
well as in neurons of V and VII cranials nerves [6,8,12].
Prolonged R2 latencies in our patients could indicate
dysfunction of reticular brainstem pathways involved in
vigilance regulation. Alternatively abnormal blink reﬂex
may also be explained by pathological inﬂuence of nitros-
triatal pathway on the circuit linking the basal ganglia and
brainstem.
Further correlation of blink abnormalities in larger number
of patients, with high resolution of MR imaging (7-T) and novel
tract imaging technique – Phase Difference Enhanced (PADRE)
may at least partially explain the mechanism of delayed
latencies observed/recorded in our patients [49].
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